Background. Previous cross-sectional studies demonstrate positive associations of fat-free mass and negative associations of centrally distributed fat deposits with respiratory function in older adults. Few studies have evaluated whether greater losses of muscle and increases in fat are associated with more rapid decline in respiratory function in aging.
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L UNG function deteriorates gradually throughout adult life even in the healthy elderly population, with a progressive decline in forced expiratory volume in 1 second (FEV1) and forced vital capacity (FVC), independent of smoking or environmental exposure (1, 2) . Worsening pulmonary function is clinically relevant as associated with increased morbidity and mortality rates (3, 4) .
Several factors may contribute to age-dependent decline of lung function. With aging, there is loss of muscle mass, a process called sarcopenia (5) , and an increase of the amount of fat inside and around muscles (6) . Both of these changes have previously been found associated with an increased risk of physical functional decline and disability as well as to an increase in morbidity and mortality (7) .
Cross-sectional studies demonstrate, especially in men, associations of lower fat-free mass and greater centrally distributed fat deposits with poorer lung function in older adults (8) (9) (10) . These observations have been recently confirmed in a 7-year follow-up longitudinal study (11) .
No previous study has evaluated the associations of changes in CT-derived muscle and intermuscular fat (IMF) area and abdominal distribution of fat with concurrent deterioration in lung function in aging.
In a large cohort of older adults living in the community, we evaluated associations of body composition evaluated by DXA and CT with lung function, cross-sectionally and over time, to test the hypothesis that body composition 
Methods

Study Population
The Health Aging and Body Composition Study (Health ABC) was initiated in 1997 to prospectively evaluate the relationship between changes in body composition and functional decline among older adults living in the community (12) . Eligibility criteria included age 70-79 years during the recruitment period, no reported difficulty with walking a quarter of a mile, climbing 10 steps without resting, or performing activities of daily living. Exclusion criteria included current treatment for cancer, enrolment in a trial of a lifestyle intervention, plans to move out of the study area in 3 years, difficulty in communicating with study personnel, and cognitive impairment. Of the 3,075 men and women enrolled in Health ABC, 2,863 had lung function measured at the baseline visit. Of the 2,138 of these participants who completed the Year 5 (2001/02) visit, this analysis is restricted to the 1,981 participants who had complete data on change in lung function from baseline to Year 5. Reasons for missing measurements at either year included equipment problems (N = 6), participant unable to understand the examiner's instructions (N = 19) or physically perform the procedure (N = 20), participant refusal (N = 12), and participant medically excluded (N = 291). Medical exclusions included self-reported history of the following conditions or procedures within the past 2 months: surgery on chest or abdomen (N = 35), heart attack (N = 6), hospitalization for other heart problem (13), detached retina or eye surgery (N = 187), or measured blood pressure, systolic blood pressure >199 mmHg or diastolic blood pressure >109 (N = 25).
The study was approved by the Institutional Review Board of the University of California, San Francisco (H5254-12688-14), at the University of Tennessee (95-05531-FB) and at the University of Pittsburgh (#960212), and all participants provided written informed consent.
Demographic Data, Health Conditions, and Body Composition
Age, sex, race, and prevalent health conditions were assessed based on self-report and medication inventory. Height was measured using a wall-mounted stadiometer and body mass index was calculated as weight (kg)/height (m 2 ). Body weight was measured using a calibrated standard balance beam scale to the nearest 0.1 kg.
Body composition at baseline and follow-up were measured by using fan-beam DXA (QDR4500A Hologic, Bedford, MA). The validity and reproducibility of the body composition data in the Health ABC Study were reported previously (14-17).
The cross-sectional areas of muscle, subcutaneous and IMF in both thighs, abdominal visceral adipose tissue (VAT), and subcutaneous adipose tissue were measured at baseline and follow-up by CT scan as described previously (18, 19) .
Spirometric Tests
Spirometric tests were performed at baseline and 5-year follow-up using a horizontal dry rolling seal spirometer (SensorMedics Corporation, Yorba Linda, CA) as previously described (20) .
The spirometers were modified at the National Institute of Occupational Safety and Health (Morgantown, WV) under the direction of Dr John Hankinson by adding an optical shaft encoder to measure piston displacement and installing the spirometry software used in the third National Health and Nutrition Examination survey (19) . A minimum of three and a maximum of five tracings were obtained from each subject.
FVC and FEV1 had to meet American Thoracic Society (ATS) criteria for acceptability and reproducibility (21) . A quality score on a scale of 0-4 (4 being optimal, 0 being worst) was assigned for FEV1 and FVC.
Statistical Analysis
Chi-square tests and t tests were used to compare baseline characteristics, body composition, and change in respiratory function (Year 5 − Year 1) among black and white participants within each sex. Analysis of variance was used to compare FEV1 and FVC percent change across weightchange categories, defined as: gain (≥3% gain), loss (≥3% loss), stable (within 3% loss or gain) from Year 1 to Year 5 (22, 23) . Adjusted differences in mean delta FEV1 and FVC percent change across weight-change categories were evaluated using analysis of covariance controlling for age, race, height, smoking, emphysema, and chronic bronchitis.
Separate linear regression models were used to evaluate the cross-sectional association of each body composition measure as the independent variable and each pulmonary function measure as the dependent variable at baseline. Simple models were adjusted for clinic site, age, sex, race, height, and FEV1/FVC quality score. Full models were built using a forward procedure (p-entry = .20) to adjust additionally for smoking, cardiovascular disease, osteoporosis, emphysema, and chronic bronchitis after entering in the body composition measure. This selection procedure was repeated to build a parsimonious model of all body composition measures as independent variables and each pulmonary function measure as the dependent variable. Body composition variables were centered to reduce multicollinearity as evaluated by variance inflation factors and condition indices.
To evaluate whether changes in body composition and respiratory function may co-occur in aging, we used separate linear regression models of change in each body composition measure as the independent variable and change in each pulmonary function measure as the dependent variable. Adjusted models were selected as described above; the forward procedure was then repeated to build a parsimonious model of changes in all body composition measures as independent variables and change in each pulmonary function measure as the dependent variable. Analyses were repeated after exclusion of participants with prevalent emphysema or chronic bronchitis and after additional adjustment for baseline FEV1 or FVC. Adjusted p values (reported in text) were corrected for multiple comparisons using a Bonferroni correction. Analyses were performed in SAS (version 9.1; SAS Institute, Inc., Cary, NC) (24) .
Results
Characteristics of the four gender-race groups are summarized in Table 1 .
White men had on average higher waist, fat mass (FM), fat mass percentage, VAT but lower total hip bone density, fat-free mass, subcutaneous adipose tissue, total thigh muscle area, total thigh IMF area compared with black men. At baseline, white women were older and had on average lower weight, body mass index, waist, FM, fat mass percentage, fat-free mass, total thigh muscle area, total thigh IMF compared with black women. Compared with black men and women, white men and women presented higher FEV1, FVC, FEV1 percent predicted, and FVC percent predicted at baseline and presented greater decrease in both compared with black men and women over 5 years. Table 2 gives characteristics of the study participants at baseline and 5-year follow-up. Of the 1,981 participants, 51.7% were female and 36.6% were black.
Participants on average significantly declined in height, weight, waist, total hip bone density, fat-free mass, subcutaneous adipose tissue, VAT, and total thigh muscle area (p < .05 for each) over 5 years. By contrast, participants gained in fat mass percentage (0.41 %, p < .001), total thigh IMF area (4.90 cm 2 , p < .001), and FM (0.15 kg, p = .05).
Decreases in lung function were observed in both sexes and for all the considered spirometric indexes. FEV1 and Tables 3 and 4 (Model 3) summarize multivariable linear regression models where all body composition variables evaluated at baseline were considered as independent variables and FEV1 and FVC as the dependent variable. After adjustment for demographics and clinical confounding factors, height and total thigh muscle area remained positively and VAT negatively related with both FEV and FVC after correction for multiple comparisons (adjusted p < .05 for each).
In unadjusted analyses of change in body composition measures as independent variables and change in lung function as dependent variable (Tables 5 and 6 ), increases in FM, VAT, subcutaneous adipose tissue, total thigh muscle area, and total thigh IMF area were associated with worsening FEV1 and FVC over 5 years. Notes: BMI = body mass index; IMF = intermuscular fat. * Self-report or total hip BMD T-score ≤ −2.5, ∆ = Year 5 − 1 Year. Adjusted for potential confounders, greater FM increase remained associated with greater declines in both FEV1 and FVC after correction for multiple comparisons (adjusted p < .05). Results did not substantially change after exclusion of participants with emphysema or chronic bronchitis or after additional adjustment for baseline FEV1 or FVC (not reported).
Finally, in analyses stratified by weight-change categories, significant differences in delta FEV1 and delta FVC (all p < .01) were identified between weight-change groups, except for delta FEV1 in men (p = .09), as shown in Figures 1  and 2 . Men and women who gained weight showed the greatest decrease in FEV1 (men = −11.67%, women = −10.92%) and FVC (men = −8.01%, women = −8.01%).
Discussion
This study of community-dwelling older adults shows associations of several body composition measures with pulmonary function, cross-sectionally and over time. In particular, after adjustment for several potential confounders, height and total thigh muscle area are positively and VAT negatively related to FEV1 and FVC. Greater increase in FM over 5 years is further associated with more rapid lung function decline.
Our finding that visceral fat, as evaluated by CT, is negatively associated with lung function complement and expand previous cross-sectional studies performed in elderly patients where fat distribution was evaluated with anthropometry (9, 10) .
Associations between respiratory function and visceral fat evaluated with MRI technique have been previously investigated in a small sample of young lean (n = 20) and obese (n = 20) men and women (age 32.5 ± 6 years), suggesting that chest and abdominal visceral fat may have a cumulative effect on the reduction of end-expiratory lung volume (25) . A consistent negative association between waist circumference and pulmonary function has been demonstrated in normal weight, overweight, and obese subjects (13) .
Our findings further suggest that greater amount of fat mass stored in the abdomen and particularly VAT may contribute to worsening pulmonary function, independently of smoking status and comorbidities even in older adults. Several mechanisms may link abdominal obesity to pulmonary function worsening. The mechanical effects of truncal obesity may partly determine the reductions in chest wall compliance, lung elastic recoil, and peripheral airway size that negatively affect FEV1 and FVC. Abdominal fat may also alter the pressure-volume characteristics of the thorax and restrict the descent of the diaphragm, opposing to the downward motion of the contracted diaphragm, thereby limiting lung expansion during spirometric performance. Fat accumulation in the abdominal cavity may finally increase intraabdominal pressure (26) . It has also been shown that the increase of intra-abdominal pressure observed in visceral obesity is able to pump upward the diaphragmatic muscle, compressing the parenchyma of the lung, particularly at the basal regions. Moreover, the over-stretching of the diaphragmatic muscle fibers, caused by the elevation of the diaphragmatic domes produced by visceral fat, can decrease the contractile efficiency of the diaphragmatic muscle (27) .
Interestingly, in our study population, we also found that IMF was negatively associated with lung function decline in older subjects, even if this relationship was no longer significant after adjustment for comorbidities. It has been previously reported that IMF, as evaluated at the thigh level by CT, is directly and strongly associated with age, adiposity (28) , muscle function impairment (6) , and progressive muscle weakness in aging (23) . Our results may suggest that age-associated changes in muscle quality, that is, increase in fat infiltration, may in part contribute also to worsening pulmonary function among older adults.
Several assumptions are needed to understand the association between fat content in thigh muscle and respiratory function. As fat infiltration occurs with aging and adiposity in all muscles of the body, to varying extents among different types of muscles, it is reasonable to hypothesize that the observed increase of fat inside thigh muscles with aging in this cohort may be comprehensive even of other muscles and in particular of diaphragm, the abdominal muscles, and chest wall respiratory muscles. Fat deposition in these regions may be expected to account in part for worsening muscle quality and function involved in the expiratory process.
As expected, our findings confirm a 5-year decline in lung function with a 38 mL/y and 32 mL/y decrease in FEV1 and FVC, respectively. Among weight-change groups, men and women who gained weight had the greatest lung function decline. As recently reported in the Health ABC Study population (23) , in our study population, weight There were significant within-group changes in all weight groups for FEV1 and FVC. Data were analyzed by using analysis of covariance, with adjustment for age, race, height, smoking, emphysema, and chronic bronchitis (*p < .0001).
Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/66A/7/801/616438 by guest on 01 January 2019 gainers had the greatest increase in IMF (7.34 ± 5.51 cm 2 ), FM (3.59 ± 2.28 Kg), and VAT (18.33 ± 40.14 cm 2 ) compared with other weight change groups (not shown in table). Our data show that higher amounts of fat mass and VAT and reduced muscle quality are the main predictors of respiratory function decline in elderly men and women and raise the question of whether the maintenance of stable weight even in old age and the prevention of abdominal and IMF deposition may help to slow age-related decline in respiratory function. Subjects who presented unintentional weight loss showed the lower FEV1 and FVC decrease. Our findings of lower decrease in FEV1 and FVC in patients with weight loss should be regarded with caution because it has been shown in several studies that weight loss in older adults is associated with higher mortality (29, 30) .
Some limitations of our study should be mentioned. Our results may be sensitive to nonrandom withdrawal of participants who experienced the greatest functional declines throughout the study period. For patients to be assessed for degree of decline in lung function, they must survive and be healthy enough to attend the 5-year follow-up and undergo spirometry. As expected, participants with complete lung function data at 5-year follow-up were younger at baseline (73.4 vs 74.0 years), less likely to have cardiovascular disease (24% vs 34%), emphysema (3% vs 5%), and a history of smoking (54% vs 61%) relative to participants who completed lung function testing at baseline only (p < .01 for each). Lung function data at interim follow-up were not available to evaluate the potential influence of missing Year 5 data on reported associations.
Our results may not generalize to other populations due to the strict inclusion criteria of the study and further exclusion of those with medical conditions that prevented completion of spirometric testing. Rather, this cohort is representative of older men and women with mild levels of functional impairment and relatively low morbidity. Also, the potential influence of systemic inflammation, that could itself negatively affect pulmonary function, was not evaluated in this analysis. Future studies are warranted in order to evaluate the hypotheses that systemic inflammation may play a role in lung function decrease in older adults.
In summary, among this well-functioning cohort, less muscle and greater adipose tissue areas were each independently associated with lower FEV1 and FVC cross-sectionally, whereas greater increase in fat mass over 5 years was associated with concurrent lung function decline. Body composition changes, particularly fat deposition, may in part explain respiratory function declines in aging. There were significant within group changes in all weight groups for forced expiratory volume in 1 second and forced vital capacity. Data were analyzed by using ANCOVA, with adjustment for age, race, height, smoking, emphysema and chronic bronchitis (*p < .01).
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